Introduction
Laparoscopic cholecystectomy is the treatment of choice for symptomatic gallbladder disease; it is usually followed by excellent symptomatic relief and associated with a low recurrence rate [1] . extracorporeal shockwave lithotripsy (ECSWL) has been used in adjunct with deoxycholic acid therapy to disintegrate large (>15 mm) ductal stones prior to completion endoscopic clearance ( Fig. 1 ) [2] [3] [4] . Our attempt at ECSWL, for a stone in the residual gallbladder after an incomplete laparoscopic cholecystectomy proved to be unsuccessful. Here, we present our case as per SCARE guidelines [5] .
Presentation of case
A 61-year-old man was referred to our general surgery clinic with a one-year history of typical biliary dyspepsia, with intermittent upper abdominal pain, on a background of at least one Abbreviations: ECSWL, extracorporeal shockwave lithotripsy; SCARE, surgical case report; MRCP, magnetic resonance cholangio-pancreatography; MRI, magnetic resonance imaging.
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episode of jaundice and deranged liver function tests. An abdominal ultrasound scan had shown a normal liver, with a contracted gallbladder containing an acoustic shadow. Magnetic resonance cholangio-pancreatography (MRCP) confirmed the presence of multiple calculi inside a contracted gallbladder, whereas the ductal system appeared normal (Fig. 3) . A laparoscopic cholecystectomy was attempted; signs of severe chronic inflammation with shrinkage of the gallbladder, and complete obliteration of Calot's triangle were noted, making a safe cholecystectomy impossible. Conversion to an open approach was considered; however, the laparoscopic image and access were clear, and the severe inflammation of Calot's triangle would have remained a problem even in an open procedure. In order to avoid the high risk of injury to the common bile duct, dissection of Calot's triangle was not attempted. Instead, cholecystotomy was performed and 17 gallstones were extracted, including three which had been impacted in the cystic duct. The gallbladder remnant, which included Hartmann's pouch, was then closed.
Eight months later the patient reported recurrence of his biliary dyspepsia symptoms. Magnetic resonance cholangiopancreatography revealed a single residual stone within the gallbladder remnant, but none in the common bile duct (Fig. 4) . The patient was commenced on deoxycholic acid and referred to our urology department for consideration of extracorporeal shockwave lithotripsy.
A single round of lithotripsy was performed nine months later by a senior radiographer. The stone was located by ultrasound (Fig. 2) . Using water as a conduction medium, 4500 low-energy (up to E2.0) shots were applied at up to 2 shocks per second. From 1000 shots onwards, increasing fragmentation and movement of fragments observed. Towards the end of the procedure, fragmentation was detected along the whole length of the stone, and the patient tolerated the procedure well. On this basis, the lithotripsy treatment was judged to be successful and no further sessions were booked. However, a follow-up MRCP five months later showed similar appearances to the previous scan, with a 9 mm calculus persisting within the gallbladder remnant (Fig. 5) .
Timeline 0 months Initial presentation to GP with abdominal pain 9 months Seen in general surgery clinic; MRI confirmed gallbladder stones 15 months Laparoscopic cholecystotomy and gallstone extraction performed 20 months MRI showed residual stone in gallbladder remnant 23 months Remained symptomatic; commenced on deoxycholic acid 32 months ECSWL performed 37 months MRI showed persistent stone in gallbladder remnant 
Discussion
Review of the literature suggests a number of factors that may affect the success or failure of ECSWL for gallstones, including location and number of stones. ECSWL has been shown to be an effective adjunct for the clearance of common bile duct (CBD) stones resistant to endoscopic retrieval [3, 4] . ECSWL can be effective for small solitary stones gallbladder stones but the success rate is low for multiple gallbladder stones, or for stones with high density [6] . It is also believed that normal gallbladder contractility is needed for stone fragments to be cleared from the gallbladder into the ductal system [7] [8] [9] , which 80% of the time will require endoscopic extraction for successful clearance [10] .
In our case, the residual calculus was located within the diseased gallbladder remnant. We applied ECSWL, hoping that the resultant gallstone fragments would be spontaneously extruded into the ductal system (and eventually into the duodenum) by the contraction of the gallbladder remnant, facilitated by the effect of the deoxycholic acid. However, the fragments were not extruded, likely because fibrosis (secondary to recurrent cholecystitis) had rendered the gallbladder remnant non-contractile. Even if the gallstone fragments had been extruded into the ductal system, a completion endoscopic retrieval from the common bile duct would have been required to deliver them into the duodenum.
We remain convinced that conversion to an open approach at index surgery would have been inappropriate; as this would have increased the risk of morbidity, in return for dubious benefit. We nevertheless recognise that there were some pitfalls in our management strategy that are worthy of discussion as learning points.
Gallstones detected within 2 years after attempted removal are considered 'residual' [11] . Our patient's symptoms returned within 8 months, and an MRCP confirmed the presence of a stone. This stone was likely, therefore, missed during the initial operation.
The fibrosed gallbladder remnant, containing the residual stone, was closely applied to the bile duct; this constituted a Type I Mirrizzi syndrome, presenting us with a management dilemma [12] . The index surgery was difficult; re-operation would have been much more challenging, with an unacceptably high risk of ductal injury, and requiring complex biliary reconstruction. The option of endoscopic mechanical lithotripsy and retrieval was discussed; but deemed too unsafe, due to the size of the residual gallstone, difficult access to the gallbladder remnant via the cystic duct, and the risk of basket entrapment which would have forced us into difficult emergency surgery. At the time, ECSWL seemed to be a reasonable option; however, in retrospect, it is clear that it was inappropriate in this case, as a contractile gallbladder should be a prerequisite when considering ECSWL for gallbladder stones. In the context of a non-contractile gallbladder, the adjunct use of deoxycholic acids was a waste of expensive resources.
If gallstone fragments had been extruded into the common bile duct, endoscopic removal would have been mandatory to complete the treatment. In this case, perhaps endoscopic retrieval of the fractured stone from the gallbladder remnant should have been attempted; although success would not have been guaranteed due to difficulty in manipulating the endoscopic baskets into the gallbladder remnant. Nevertheless, not doing so is considered an incomplete therapy and a possible missed opportunity.
Conclusion
This is the first reported case of attempted ECSWL, with or without adjunct deoxycholic acid, for a persistently impacted gallstone in a post-cholecystotomy gallbladder remnant. Our case confirms that, while this technique might be successful at fracturing the stone, the treatment is incomplete and a waste of resources if endoscopic retrieval does not follow. This must be borne in mind in all cases considered for ECSWL for residual biliary stones.
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